New direct evidence of the relationship between the yeast form genus Rhodotorula and heterobasidiomycetous fungi is presented, namely, a new species of the heterobasidiomycetous genus Rhodosporidium with a rhodotoruloid yeast phase. The new species has the Rhodosporidium life cycle but differs significantly from, and is not interfertile with, described species of the genus. It was isolated from marine and estuarine waters of south Florida. The nature of the relationship between the Rhodosporidium species and fungi of the order Ustilaginales is discussed.
Recently several authors investigated the relationship of members of particular genera of the Cryptococcaceae (Rhodotorula, Cryptococcus, and Candida) to basidiomycetous fungi. The approach to the problem has involved ultrastructural, biochemical, and life-cycle studies. Marchant and Smith (13) found basic differences between the ultrastructural details of budding in Rhodotorula glutinis and Saccharomyces cerevisiae, and compared the R. glutinis budding to that of the heterobasidiomycetous species, Sporobolomyces roseus. Storck et al. (21) summarized much of the biochemical work, while extending and confirming the results of earlier investigators who had demonstrated a striking similarity between the suspected heterobasidiomycetous yeasts and basidiomycetous fungi; the heterobasidiomycetous yeasts had deoxyribonucleic acid base compositions (guanine plus cytosine contents) well within the range of basidiomycetous fungi, whereas the ascomycetous yeasts, in general, exhibited distinctly lower guaninecytosine contents. Cazin et al. (6) found that yeasts suspected of being heterobasidiomycetes differed from their ascomycete counterparts in that they were capable of producing extracellular deoxyribonuclease and urease.
The abundant indirect evidence of a heterobasidiomycetous nature for these yeast genera has now been supplemented by the direct evidence of recent life cycle studies. Banno (3) was the first to present direct evidence when he demonstrated, in culture, a Ustilago-like life cycle for strains of R. glutinis (Fres. (12) . Mating tests were carried out as described by Newell and Fell (15) . Germination of teliospores was effected by growing teliospores in cornmeal agar (Difco), cutting out blocks (approximately 5 mm3) of the teliospore-containing agar, and putting the agar-teliospore blocks into 5 ml of sterile distilled or seawater for soaking at 25 C.
Nuclei were examined by the HCl-Giemsa staining method of Robinow (19) as modified by Pontefract and Miller (17) . Egg albumin adhesive (Mayer Albumin Fixative, Harleco, Inc.) was used in place of Haupt's adhesive. RESULTS The yeast phase of the fungus conforms in large part to the standard description of R. glutinis (16) . However, since we observed a sexual life cycle with morphological forms distinct from those of described species of Rhodosporidium, we are proposing the following new binomial.
Rhodosporidium diobovatum sp. n. Cellulae solae uninucleatae conformare hyphas binucleatas conjugant. Teliosporae unicae, unicellulares, terminales, sphericae usque obovatae (5.6-9.4 x 5.9-10.9 jim), diobovatae usque diclavatae (5.7-11.2 x 9.2-22.0 Arm), leves, granulatae. Sporidia lateralia et terminalia in promycelio. In extracto malti cellulae sunt sphericae usque ovoideae (1.3-6.0 x 2.0-8.7 ,um), singulae aut binae. Sedimentum densum formantur. In agaro farinae mais, mycelium verum et teliosporae sunt. Fermentatio nulla. Glucosum, galactosum, L-sorbosum, saccharum, maltosum, cellobiosum, trehalosum, raffinosum, melezitosum, inulinum, D-xylosum, L-arabinosum, D- arabinosum, D-ribosum, ethanolum, glycerolum, ribitolum, galactitolum (variabilis), mannitolum (variabilis), D-glucitolum, a-methyl-D-glucosidum, salicinum, acidum succinicum (variabilis), acidum citricum (variabilis) assimilantur, at non lactosum, melibiosum, amylosum, L-rhamnosum, erythritolum, acidum lacticum.
Assimilatio kalii nitratis: praesens. Summa temperatura auctus: 35 C.
Ad crescentiam vitaminae externae non necessariae sunt. Amylum non formatur.
Typus: cultura ML 304 (status sexualis alpha) ex aqua marina in Florida, in C.B.S. No. 6085, Delft, Hollandia. Allotypus: ML 303 (status sexualis a), ex aqua marina in Florida, in C.B.S. No. 6084, Delft, Hollandia.
Yeast-phase growth in malt extract broth: After 3 days at 22 C, the cells ( Yeast-phase growth on malt extract agar: Cell morphology is similar to that in malt extract. The streak colony after 3 days to 1 (diameter approximately 2.7 gm; Fig. 2 and 6) are subsequently formed. The binucleate hyphae may form from one of the conjugant cells, or from the conjugation tube joining them. As the binucleate hyphae elongate, the cytoplasm evacuates the conjugant cells. Septa are laid down behind the growing cytoplasm. At nuclear division, clamp connection structures (Fig. 2) are formed, ranging from hook-to-peg (5) to peg-to-peg (15) clamps. This range of clamp structures is not unlike that depicted by Seyfert (20) for the Ustilaginales. Branching of the binucleate hyphae occurs by elongation of completed clamps, or by growth of new hyphae directly from older hyphae.
After 3 days of hyphal growth, unicellular, round to obovate (5.6 to 9.0 x 5.9 to 10.9 Am), diobovate, or diclavate (5.7 to 11.2 X 9.2 to 22.0 ,um) heavy-walled terminal spores (Fig. 3) begin to form (in those mixes which can produce them in cornmeal agar; see below). These spores are termed teliospores, following the reasoning of Fell et al. (8) . The teliospores have clamp connections at the basal septum (Fig. 3) and are binucleate at first, but become uninucleate at maturity (Fig. 7) . In addition to the teliospores, blastoconidia are formed on the binucleate hyphae.
Mixing of certain compatible strains does not result in teliospore formation on cornmeal agar.
There appears to be a set of genetic factors, separate from the incompatibility factors, that govern spore formation. Strain ML 304 (a) has the capacity to produce teliospores as a conjugant with all compatible strains, whereas ML 303 (a) may or may not produce teliospores as a conjugant, depending on the strain with which it is paired. This spore-production capacity does not appear to be governed by a simple two-gene system, since the difference in the ability to produce teliospores on cornmeal agar among conjugant pairs is a matter of degree rather than a straightforward positive-negative situation. Also, mixes of strains which can produce teliospores only sparingly on cornmeal agar may produce them heavily on diamalt agar. Mixes of strains incapable of producing teliospores as conjugants produce only blastoconidia on their clamp-bearing, binucleate hyphae.
Germination of the teliospores occurs after 5 to 10 days of soaking. One club-shaped promycelium (13.4 to 22.1 x 3.4 to 4.7 ,um) develops from each teliospore (Fig. 4) . The spore nucleus divides twice to yield four promycelial nuclei (Fig. 8) (Fig. 9-12) .
A key to the described species of Rhodosporidium follows:
1. a. Highly angular teliospores (Fig. 9) (Fig. 12) (14, 16, 24) . All four Rhodosporidium species have been isolated from marine sources; R. toruloides has also been isolated from terrestrial sources. The proven relationship between Rhodotorula and Rhodosporidium necessitates more thorough ecological studies of rhodotoruloid fungi, involving mix-mating of yeast strains from specific ecological niches to detect the possible presence of Rhodosporidium species. Banno and Mikata (4) conducted one such study of a forest near Osaka, Japan.
The nature of the relationship between the Rhodosporidium species and the parasitic members of the Ustilaginales remains unclear and raises questions about the ecology of these organisms. Are the Rhodosporidium species (i) strictly saprophytic members of the Ustilaginales, active in the environments from which they have been isolated, (ii) heterobasidiomycetes which are parasitic for organisms (e.g., algae, zooplankton) other than the higher plants which act as hosts for the previously described Ustilaginales, (iii) the saprophytic expression of facultatively para- Possibility (iv) seems unlikely in view of the fact that our laboratory studies have shown that the teliospores of the Rhodosporidium species germinate after a matter of a week or weeks in water, yielding the actively saprophytic yeast phase. In addition, the considerable numbers of viable elements of Rhodotorula species (including R. glutinis) which have been found in aquatic (1, 22) and marine sites (23, 24) suggest the presence of the actively reproducing yeast phase rather than inactive teliospores.
With regard to possibility (iii), we have found that a culture of R. glutinis (CBS 4213) isolated from a disease of white clover (Trifolium repens L.) in New Hampshire (11) is capable of conjugation and teliospore formation with ML 304, the type culture of R. diobovatum.
Possibility (iii), that Rhodosporidium species represent the saprophytic expressions of smut fungi, lends ecological importance to the answer to the questions of Rhodosporidium identity. The environments in which Rhodotorula and Rhodosporidium are found could be harboring reproducing populations of ecologically importanl, plantpathogenic smuts. Possibilities (i) and (ii), which postulate identities separate from described smut fungi for the Rhodosporidium species, suggest that these newly described heterobasidiomycetes may have significant roles as saprophytes or parasites in the ecosystems of the environments (including the marine) from which they have been isolated.
